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METHODS FOR INHIBITING GRAFT VERSUS HOST DISEASE IN BONE 
MARROW TRANSPLANTATION 

R fl rkcrrniind of the Invention 

Allogeneic bone marrow transplantation (BMT) is an effective treatment for many 
hematological malignancies and severe aplastic anemia (see e.g., Thomas, E.D. (1983) J. 
Clin. Oncol 1:517-531; O'Reilly, RJ. et al. (1983) Blood 62:942-964; and Storb, T. et al. 
Semin. Hematol 2:27-34). However, the alioreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially fatal condition referred to as graft versus host 
disease (GVHD). One therapeutic approach which has been taken in an attempt to minimize 
or eliminate GVHD involves administration to the transplant recipient of a general 
immunosuppressant, such as cyclosporin A or methotrexate (see e.g., Kapoor, N. et al. 
(1989) Bone Marrow Transplant 4:153). Use of such agents, however, is associated with 
deleterious side effects, including kidney damage and an increased susceptibility to 
infections. Another approach taken to minimize or eliminate GVHD has been to deplete 
donor bone marrow of T cells in an attempt to remove alloreactive T cells (sec e.g., Martin, 
P.J. et al. (1987) Adv. Immunol 4Q:379). While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the success of bone marrow engraftment. 
Additionally, depletion of T cells from donor bone marrow used to treat hematological 
malignancies reduces the anti-leukemic activity (also referred to as the graft versus leukemia 
response, or GVL) of the donor cells (see e.g., Goldman, J.M. et al. (1988) Ann. Intern. Med. 
108:806-814; Marmont A.M. et al. (1991) Blood 28:2120-2130). Thus, while the presence 
of alloreactive T cells within a bone marrow graft has the detrimental effect of inducing 
GVHD, the presence of at least some T cells within the graft is beneficial both for successful 
engraftment and for anti-leukemic responses. A therapy that effectively inhibits the 
responses of alloreactive T cells within donor bone marrow while permitting the continued 
presence and function of other T cells within the graft would therefore be of great advantage 
in the addressing the problem of GVHD while promoting the efficacy of bone marrow 
engraftment. 

The induction of a T cell response has been shown to require two signals: a first 
signal provided by stimulation through the antigen-specific T cell receptor (TCR) on the 
surface of the T cell, and a second signal (termed a costimulatory signal) provided by ligation 
of one or more other T cell surface receptors. Engagement of the TCR alone (Le., signal i) in 
the absence of a costimulatory signal (i.e., signal 2) induces a state of unresponsiveness, or 
anergy, in the T cell. A costimulatory signal can be generated in a T cell by stimulation of 
the T cell through a cell surface receptor CD28 (Harding, F. A. (1992) Nature 356:607-609). 
Ligands for CD28 have been identified on antigen presenting cells (APCs). CD28 ligands 
include members of the B7 family of proteins, such as B7-l(CD80) and B7-2 (CD86) 
(Freedman, A.S. et al. (1987) J. Immunol 112:3260-3267; Freeman, GJ. et al. (1989) J. 
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Immunol. 142:2714-2722; Freeman. G.J. et al. (1991) J. Exp Med 124:625-631; Freeman 
G.J. et al. (1993) Science 262:909-91 1 ; Azuma, M. et al. (1993) Nature 266:76-79; Freeman 
G J. et al. (1993) J. Exp. Med. 128:2185-2192). Additionally, B7 family members have been 
shown to bind another surface receptor on T cells related to CD28 termed CTLA4 (Linsley 
P.S. (1991) J. Exp. Med 174:561-569; Freeman, G.J. et al. (1993) Science 262*909-91 1) ' 
The characterization of the receptors and ligands involved in T cell costimulation has 
led to therapeutic approaches based upon induction of antigen specific T cell 
unresponsiveness by blocking of a costimulatory signal in T cells. For example, a CTLA4Ie 
fus.on protein, which binds both B7-1 and B7-2, has been used to inhibit rejection of cardiac 
allografts and pancreatic islet xenografts (see e.g., Turka, L.A. et al. (1 992) Proc. Natl Acad 
Sci. USAJ9, 1 1 102-1 1 ,05; Lin, H. et al. (1993)7. Exp. Med 122:180,-1806; Lenschow, D J 
etal.(1992) Science 257, 789-792). Similarly, antibodies reactive with B7-1 and/orB7-2 
have been used to inhibit T cell proliferation and IL-2 production ,„ vitro and inhibit primary 
immune responses to antigen in vivo (Hathcock K.S. et al. (1993) Science 262, 905-907- * 
oofi'Tfi ^ 61 Nature 266:76-79; Powers, G.D. et al. (1994) Cell. Immunol. 153 ? 
298-311;ChenC.etal.(1994)y Immunol. 152,2105-2,14). However, effective methods 
for mlub,Ung T cell responses in bone marrow transplant situations which avoid the need for 
general immunosuppression of the transplant recipient and overcomes the drawbacks of T 
cell depletion m bone marrow transplants are still needed and would have widespread 
therapeutic applications. 



Summary of th» l^Ytntiftn 

This invention features improved methods for inhibiting graft versus host disease in a 
bone marrow transplant recipient while preserving T cell mediated function against both 
tumor and pathogens in the recipient. This invention is based, at least in part on the 
discovery that an inhibitor of a costimulatory signal in T cells can be used ,„ vitro to inhibit 
mappropnate donor T cell responses to alloantigen and. thus, inhibit graft versus host disease 
m bone marrow transplantation. The inhibitor of a costimulatory signal in T cells is 
preferably an agent which inhibits an interaction between a costimulatory receptor on the T 
cell (e.g., CD28 and/or CTLA4) and a costimulatory molecule (e.g., B7-1 and/or B7-">> on a 
cell presenting antigen to the T cell. Thus, the inhibitor of a costimulatory signal can be for 
example, an antibody (or fragment thereof) which binds the receptor or the costimulatory 
molecule, a soluble form of the receptor or costimulatory molecule or a peptide fragment or 
other small molecule designed to inhibit a costimulatory signal in T cells. A preferred 
inhibitor is a soluble CTLA4-immunoglobulin fusion protein (CTLA4Ig) or an anti-B7-l 
antibody or an anti-B7-2 antibody. A much preferred inhibitor is a combination of an anti- 
B7-1 and an anti-B7-2 antibody. 

According to the method of the invention, a T cell response is inhibited by contacts 
the T cell in vitro with at least one inhibitor of a costimulatory signal in an antigen specific T 
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n^liem SLt tether ,„ vivo tinmen, of the recipient wrth the mhtbuo, 

10 recipient. 

lymphocyte reaction between HLA disparate individuals treated wilh e,m ' r CTLA41g. 
15 ^^uno gl oMin(. g ).orphospha,ebuffe K dsa l ine< P BS,(con»o.). 

^n^t^ 6 graphic representation of T cell proliferation in a primary mixed 
.yrnpjTre^o. *Uen HLA disparate individuais treated with either ant.-BV., 

monoclonal antibodies, CTLA41g, control rmmunoglobulm (CIg) or control an 

Wood IvmphocyKs bone marrow proliferation treated with vanous doses 0 ^ 

1 ^Figure 3A and from 1 to 10 ^ feralion ^ of . 

<, c F.w<? 4 is a graph c representation of the results 01 i i*u v 

« a combination of an a„.i-B7 1 and an anti-BT-: 1 an»bc^ rf 

3 „ ^^-^"'"rr^Tnt?! orodaysinthepres^e 

a secondary MLR after culturing the cellar 0_ AUA « * » ^.^ 
of anti-B7-l antibody (a), anti-B7-2 antibody (b). CTLA41g (c> or an 

(d) ' ^ .depic.tr.freo.nencyofa.iore.Uveprecursor ^J*^" 
2), anti-B7-l and anti-B7-2 («B7-1 + aB7-2). CTLA41g. or CIg. 
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celis (host, or third ttlIs " rad ' Med — — 

-d antibody (aB7 ,, ^ Jg^jfZr-?-** 

> antibodies (a-87.! * 0 .B7-2,. CTLA4Ig, „ r C | 8 . ""'-V' 2 

Pcmifii n^ f ri pWln nf ||[r [ nil| | |||||| 

vi/ro by use of at least on P » 0 A«t » u u - u L . specific r cell responses w 

subsBrajalelimtoaUonofaileastoneT^n rcspon!i ' : "=fers to a reducnon in or 

«Mty or antibody production by Bc^sfl <e *' " , * ,C,i<>,, ° f T »" 

Ptase "inhibittag or inhibit It,'' eXPM ' m T * " B » 
*= response of a T cet ^ J^Z W« T " "~ ™" ° f 
-~ - referred ,„ herein -l^J^ T "~" " B V."" " 
rendered unresponsive or aneroid m » -r Tce »- A T cell wh.ch has been 

alloanugens ,s ,nhibi,ed to reduce o, substantially a^SL mft „, ' '° 
bone raanow transplant recipient. ^ h ° St **** in " 

ha,,eMtonei ^ b,t orofacostimulatoi7sienalinth e T^.i a 
Tv„™ii ... ""essar, to induce an anugen specific response by the Tcell 

wh,ch a costmiuJatory signal in a T 
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inhibitor is c i lah immune A evcn morc preferred 

oMW taWWtor is . comb.na.on of an anu-B7 1 and anan 
mother 0.C —.ory ~ *-> 

5 or delivery of a cosumulatory signal in a T celt by a CD28- and/or CI LA 

transduction pathway. , -v* in farther detail in the 

These and other embodiments of the invention are described m further 

following subsections: 
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(tanunore^ts wuWan antigen. S ^ ,y ; te ™ P '^^Lligh«fl)cWns inter- 
Ig G) comprises four polypeptide chains, two heavy (H) cha.ns ^ r^ 'gn^ 

^gen-binding augments are also ^J^'^J^l^ CD an Fab 



15 



20 



25 



30 



35 



WO 96/14865 

PCT/US95/14774 

science 242.423-426; and Huston et al. (1988) PNAS&S SVQ «™ k « . V ' 

understood that the protein or peptide can be used alone or IZt ' " 

or as a peptide ^mer. n. immunogen ^ " 3 ■ 
of the peptide or protein (optionally as a conjugate linked^/ J T * 30,0,11,1 

"~umng forms of pro** for irnrnuniaion, synthetic peptides can alteJvelyT 
employed Md, which antibodies can be ^ for „ m ^ .La 

-".-l.p.d S orc^h y dra, M ,o«^c= iram<mogOTi cityot sorbin,,. Altera 
punW Prott ,„ can be coupled with or inco*ora«d tec a vira, ^ a ^ 
or other mtcroorgantsm in order >o enhance immunogenicity. It is also nossiwlt!! 
- -W with wh„,e eel, which express a protein on 

or mterest can be used as immunogens). As yer another alternative, it is possible to us. 
nucletc ac,d (,,.. DNA) encoding ms ^ „ ^ rf ^ _ 



PCT/US95/14774 

WO 96/14865 

-7- 

combining about I ug to 1 mg of prawn wttn treun , ^ 
, solution intiadenn* a. multiple sites. One mon* ^T^^. suilabte 
1/10 the original amow.. of immunogen tn Freund . complete ^ uva, < 
aaiuvaM) bysubc»u m co U sin j ecuon M mu,dpfe,«s : Se*»« ,14^»h»*^ 

boosted until the titer plateaus. Also, aggregates agents such as alum can be us 

^.ffitnties for the immunogen. The anttbody mototes m « 
20 chromatography, to obtain the IgU iracu rtmjifftfflimohv ^ soUd phase-affixed 

r^rrLunogento^te.^ 
solid phase-affixed immunocomplex. The bound ant.bod.cs are separa 

" ^^^Cclonalanubod,- or -monoclonal antibody composition". asu~d 
^.^r.popnlaaonof antibody ^^^^1^ 
antigen binding site. A monoclonal antibody r^^^ZL antibodies 
binding afl«y fo, » particular ptotein wtth whtch • ^ m0 , KulK 

by continuous cell lines in culture. THese 256:495-497; see also 

technique originally described by Kohler and Milstein 0™£« ^ m/mMl 
Brown et al. (1981) J. Immunol 12Z'-539-4o, oto - k 

29-269-75) and the 

c mprises the steps of : 
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(a) Immunizing an animal with a p rote in (or peptide thereof) TT, eim • • 
typically accomplished by administering th* i„J immunization is 

™n™,in an immune^ 

immune response Preferably mil ^ " ^ SUfficient t0 I-*" an 

5 mammal is 1 J^S^ZTJ'^^*^*"^ ^ 

flow cytometry. *' '" ,2yme - | " ,k « 1 'mmunosorben. assay (ELISA) ^» 

cretin, the desjred „ ^ «» s *°m «c„ tanurtod mararo „ 

mouse) is sacrificed and so mL a^tZ^ *"■ "* m " Ml **• 

^.cdlsn^ybeden^C^^ "T**"**' 4 
Primed animals. Spleen ceU, « w^T' spleens and periphery blood of 

5 cells in a I***^^^* " * 1* UHH f 

'ymphocyusgive ni l^^^T^^^^ Mouse 

mow. Ra^ni, Jto^ZT^szTrr™*^ 

encoding desired immunoglobulins are irnrZj I! * clTOn, o*>m« 

generally in fc presL oUn^TeT h ^ ^ 
> "~my.,otn.J,,,i„es„£^ 

"chnioues; for example. ^ p,.^,,,^ '£ °° *■""""•«• " • 

"~ n,ye,on,a lines are available^' 2 2' x " P2 ' 0 • A, " 4 D,yel< " M 
(ATCC). Rockville. Md. Type CulMre Col| cc-ion 

dilution conditions to obtain isolated cton« n. Under limWn 6 

■cchnioues using the antigen that Jb« ^ r ^ * ^"""^ 

be subcloned under limitL hT. ^ 'mmumzation. Positive clones cm then 

be isolated. v3£^^^-*«™^l^«. 

monoclone -C^TItE. W iS0Ud0n " - PUrifiC *' i0 " °' *' 

Commonly used method Z^JZ , Pro,ei,B M " 0tt,W ««■*««. 

-*--»e,rg::z^^ 

ry ulture vessels, and the cutatr. medium containing hi g„ „ , ^ 
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speciftc monoclone antibody can be harvested by decani State, or ^-"^ 
^Lively, *. y*d of monoclonal antibody » be enhanced by inject a s«n le of the 
hybridoma into a biocompatible animal of the type used to ptovide the somatic and 
m^oma cells for me original fusion. Tumors secreting the speciflc --^ 
Z^Z by me fused cell hybrid develop in me injected animal. The body Autos of me 

- — fluid or senun, provide monoclonal artubodies in high cone™, 
^human hybridomas or EBV-hybridomas are used, it is necessa* to avo,d rejection of 

oTmeZridonl ma, be passaged firs, into irmdiated nude mice as a solid su^— 
, tumor, Lured * viw and men inject intmperitoneall, into pns«n= 

nude mice which develop ascites tumors secreting large amounts of spec.f,c hum*. 

monoclonal antibodies. n 
Media and animals useful for the precaution of these composmons are bom well 

known in the an and commercially availaWe and include synthetic culture mtm. mbreo «■« 
< ^Te Uke An exemplary synthetic medium is Dulbecco s mininal essential med,um 

alutamine and 20% fetid erf serum. An =«mplary inbred mouse stiam ts the Balbfc 

20 in L patient One approach for nunimiing or elimirating th,s problem, whtch ,s preferable 
o g^ Tmmunosu^ression. is to produce chimeric antibody derivatives, ,e„ antibody 

Antibodies are the univalents of m. monoclonal and 

above, but may be less immunogenic when administered to humans, and therefore more 

^ ^^yrecombinantDNAU.hmauesknowninmeart For example 
Tconstan region of a murine (o, other species) monoclonal antibody module » 
sltituted wim a gene encoding a human constant rcgion. (see Robmson « al., Inu^tional 
30 ^Publication PCT/US8^ 

TaZchi M.-EuropcanPatemApplicaion 171.496; M«mso„e«al Eu^P^ent 

» . J «ifi567 Cabillvetal..Euro F <anPatentApplicauonl25.023.Betterctal.U«5 
.-i mq^ P/V/4S 84-214-218: Nishimura et al. (1987) cane. «&y 

Tlinirantibody can be tamer "humanized- b, replacing portions of the variable 
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vector. Suitable "humanized" antiJwT T "* appropriate expression 

aie numamzed antibodies can be alternatively produced bv CDR nr re a 
substitution (see U.S. Patent 5 225 530 to u/;„, . p«>aucea oy CDR or CEA 

i v- . , ■ ^ 5,539toW,nter ; J onesetal.(1986)A'o/«re321-552 ««• 

V^an 23 , :1534; (i9M) ) 

fm. eg., wood « * PCTpub.^, to ~ k 77 

WO 91/10741- Lonberc « J Pr^Tt , ' KudKrla ' ,,m « 'CT publication 

2:13-21; Momson, si . j °^ « d (,9M > *- 

niggemanaal. (1993) Ytar Immmol ZHAO; Tuaillon etal. (1993)^AtlS90-377O ma 
Bniggem m et a l.(1991)£,,y /TO , 1TO , /21:1 3 23 .,3 26 . aiid) W) ™ 4S90 - 372 »-"2* 

PM4SM:5728; Huse et al. (1989) Sc/m* 246 -mi 7^ *" ^ * ^ ° 989) 
86-381H Aft • • • ; C '* We 246 1 275; a™ 1 Orl«ndietal.( 1989) 

immunoglobuhn molecules by using a mixture of oligomer primed and PCR For in. 
d/or framework I (FR1 ) sequences, as well as primer to a conserved y constant region 

2:106-1 10). C 0wponi0rt to Methods in Enzymology 
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. m illustrative embodiment, RNA is isolated from activated B cells of for 
pn».ocol S U.S. Pa.cn, No. 4,683 202, Ori^d. 

*^w*e^^j£^Z£ ^ionofthehe^y 

, stnndcDNA is syndteazed - ^"^11 „ ^ for the sign- sequel. 
Using variable region PCR pnmers, UK varuble reg ^ ^ 

m pU„ed, each alone or in comb*... *— — » 

reading frame for expresston. ,„,„ H ™ derived antibody repertoire ™ be 

form an antibody display Hbnuy. Ideally, *• *»> *» ./^ ^ «h affinity 

separation round, and easy isolatton of the anubody gene no p 
atLontocommercidlyavalabl.^^ 

S^TU ^^J^^Iiw, display t»-y can be found 

25 international Pubtauon WO w0 , 3/01288; M cCafl=rty e. 1. 

92/15679: Breiu^eta..^ 

International PublicauonNo. WO 92/01047, uarrara ^ 

Bi ^«* »0- 372 Hay^O ) Mom725 . 73 4 ; H..ddnse,al. 
30 al. (1989) Scence 246..1275-1281. ^ ontnns 22:624*28; Onm et al. 

(,992) JMol «W 22fi:88»-.9»-. Clackso. « A (WMV ^ ^ 7 ,., 377; H oog«nboom 

<>„B*3"~ 

etal.(1991)Nuc^ci<i/iMlSH33-tl37,ano filamentous phage), the 

Once displayed on the surface of a dtsplay „ identiry a„d isolate 

35 antibody .ibrar, is screed with a protein, orpe^ -i — 

selecud .nobody can be recovered front ^ ^ 

genome) and subcloned into other express-on vectors by stanoaro 



techniques. 
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In another embodiment of the phage disnlav liKr*™ • 
domains of heavy and ** chains are ~ T* "V™"" ** V re8i °" 
linker >o form a si^e-chain Fv fntgtneT^e 1^ ' **"" * ' 

desired expression vector or rW " wbsK l u ™ 1 >' <*>ned into the 

5 Ate. "•.T * 6OTera,,y *"*«• * McCaflerr, et 1., 

A So/wWe Pro/ewj and Fusion Proteins 

In another embodiment of the invention, an agent used to inhih.t a T ,, 
soluble form of a costimulatory receptor on the surfl ofTl ce, * a 

molecule on the surface of a cell JL „ ' " * * "^atory 

<W* inhibit*, . jllIOTCtioil ^ , ~ - ■» «J-W 

be used. A preferred a„ent fo, us. in the inhibiting donor T cell resnor.1 ^ 

tnmspUmtation is . soluble form of a CILA4 m „il , 7 ^ mam>w 
~ LA4 roolccxile (in particular a CTT AiU 

unmunoglobulin fusion protein) vAich binds to both B7-1 ZbtT . 
in^ion of 87., a™, B7-2 CD28 -dJSJ£ ^ " M < * 

cytoplasmic domains) can be isolated and cloned into a ZZ 7 ranC " d 

expression in prok arvoti c or eukaryotic cells T™™ *"» for 

appropriate host cell (e e E ,J7 T eXpKSSl0a vector » introduced into an 
CoT CHO or^SO n / Protoy ° tiC eXPrcSSi ° n; yCaSt ° r «»"■■«« cells e g 

^rrrrjr: :~.r^. 

prote.n refers to a fuston pro, em ln whicn „« seC0n4 ^ ^ 
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inununglobulin constant region, or portion thereof. Immunoglobulin fusion proteins have 
been described extensively in the art (see e.g., U.S. Patent No. 5,116,964 by Cap.net al 
Capon, D J. « * (1989) Nature 232:525-531: and Aruffo, A. et al. 0W«^ 
1313) and typically include at least a functionally active hinge region, CH 2 and CH 3 
5 domams of a constant region of an immunoglobulin heavy chain (e.g., human Cyl , Cy4) _ 
Construction of a BT-l-Ig fusion protein and a CD28Ig fusion protein . described » detail in 
Linsley P S. etal. (1991) J. Exp. Med. 122:721-730. Construction of a CTLA4Ig fusion 

Gimmi, CD. et al. (1993) Proc. Natl. Acad. Sci. USA 2*6586. Other Ig fusion protems (e.g., 
1 0 B7-2-Ig) can be similarly prepared. 

C. Additional Blocking Agents Mrtinn 
Alternative to an antibody (or fragment thereof), soluble receptor or hgand (or portion 
thereof), other molecules which inhibit interactions between cell surface molecules are wuhm 
1 5 the scope of the invention for use in inhibiting T cell responses. For example a pepnde. 
peptide mimetic, or other form of small molecule (such as a drug) which .nhtbits an 
interaction between a receptor and a costimulatory molecule can be used to triufart a _ 
costimulatory signal in a T cell. Similarly, a peptide, peptide mimet.c. or other form of small 
m olecule(suchasadrug) which inhibits adhesion or a T cell to a cell presenung anngento 
20 the T cell, or inhibits an interaction between a T cell growth factor and its receptor on a T 
cell, can be used as a second agent in conjunction with a costimulation inhibnory agent to 
inhibit a T cell response. 



25 



30 



35 



D. Intracellular Agents ^.lu.iariv to 

ta other ernbodtments of the described methods, an agent whtch acts mtracellularl to 

interfere with the formation of an intracellular sign*, stated with a P™" 1 ^™' 

inhibitory agent as described herein can be an agent tha, acts tntracelluhuly to tntab,. a 

*3lM— * signa, reduction p*hw»y. CD28 stinnUan on 
to rasuit in protein cosine phosphorylation in T cells (see e. 8 .. 

(199217 Exp MedI2i : 951-960 ; Lu,Y.etal.(1992)J /m ) » O »<./.m-24-29). Accordtngly. 

signal transduction pathway, thereby inhibiting generation of. cosumulatory svgnal m the 

r^Zl*. .a-M-d- signai transduction pathway «- 

agen, which simulates protein cosine phosphaase acuvtty tn a T 

I net amount of protein tyrosine phosphorylation. For example, an anubody *—* 

-ta. the ceUula. tyrosine phosphaase CD45 «. be us* * shmuUte tyrosu,. phosphau^ 

IX « a T cei. expressing CD45 on its surface. Omcr imracel.ura, siguais reported* «, 

a^ocL with CD28 ligauon include incr^ phospholrpa* C acuvny (see e.g.. None, J. 
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« aUl 993) mockem. J. 222:835-842, and increased tatr^eliular calcium levels (see e a 

£Z r "^ S! ^^n A-rdrngly, an *S 
phosphohpase c acvtty ..xl/or inhibits mcieases jn inwccllu|ar 

to mhibit the generation of, costimulatory signal in a T cell 

i 

£. Compositions 

The agents used m *ro according to a, uumt 
response e„ be formula*. inl0 pharmaceutical ^ 
«vo to a bone marrow Caspian, recipient followinB ^gTTZ 

mvention penains ,o pb^ca, co.posi.ion, A prefeJ^TuoTof 
compnses a CTLA4Ig tusion p^ in M ^ » «™ ° f 

response, and a pharmaceuticaUy acceptable carrier. 

The agents of tbe invention are administered to subjects in a biologically comoatible 
orm su-table for ptannaccudca, adrninisnation fc Wvo to inhibit a T cell nZnTT . 
b-ologtcally compatible form suttabl. fo, adminisuation <„ vivo" is mel^cf <ne 

effects of me Itgari. The term subject is te «led to include living organisms , 

monkeys, dogs, cats, mice, rats, and transgenic species thereof 

Administradon of a therapeutically active amount of one or more of the aaents 
described herein is defined as an amount effective, a, dosages and for peri^ofX 
necessay to achieve me desired result. Por example, a menUically ^amo Jof a 

For e^p le several divided doses may be administered d«,y or the dose nTy 
proportjonally reduced as indicated by the exigencies of the therapeutic situJon 

convent ^ ""^ "*"' "*» "» «dnunis«red in a 

I^oTZZ, T ~us,etc.,,ora, action, 
«^l«.on. transdermal apphcauon. or rectal administration. Depending on the route of 
*« aoive compound may be coated in a materia. ,„ proL the Z^l 

c~T XT" ^ ^ """^ -«* ^'vateT 

oomP°™i To admtmster an agent by other than parentera, admtoistrauon, i, may be 

pessary to coa, me agent with, or co-admioisier me J iK 

™e»vauon. An a g5nt may be administered to an individual in an appropriate cLTo 
"uem. co-adrninistered with e^vme tahibttors or in „ ap^pJHJer sucIT 
bposome, Ptannaceufally accepttbl. dito B indude saline and aqueous buffer solution* 
^ym. tnWbnor, indude pancreatic r^psin inhibitor, diisopropylfllphosp^^r' 
»d tn^ol. Ltposomes include water-in-oil-.n^ emulsions as «u L Ivemlc^ 
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liposomes (8^^^,(1984)7. Neuroimmunol 2:27). Dispersions can also be prep^d in 
glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary 
conditions of storage and use, these preparations may contain a preservafve to prevent the 

growth of microorganisms. 

Ptaumaceutical compositions suitable for injectable use include stenle aqueous 
solutions (where w»er soluble) or dispersions and sKrile powders for the extemporaneous 
preparation of sterile injectable solutions or aspersion. In all crces, the composmon mu* be 
sLril. and must be fluid to the exumt that easy stability exisu. It must be sutble under 
th. conditions of rnanufactur. and storage and must be preserved against the contaminating 
action of microorganisms such as bacteria and fungi. The carrier can be a solvem or 
diversion medium containing, for example, w«er, an isotonic buffered ^ 
JL+ POM (fbrexample, glycerol, propyl glycol, and liquid polyeUKylene *^-d 
the like),!, suitable mixtures thereof. The proper fluidity can be matnuuned, for example^ 
by the use of a coating such as lecithin, by the maintenance of me required parucle stze >n me 
cL of dispersion and by the use of surfactants. Prevention of the action of nucroorgantsms 
can be achieved by various a»tiba«erial and antifungd agents, for example, parabens 
chlorobuunol, phenol, ascorbic acid, thimerosal, and the like In m*.y cases ^, w« be 
preferable to include isotonic agents, for example, sugars, polyalcohols such as manttol. 
sorbitol, sodium chloride in the composition. Prolonged absorption of the «*««• 
compositions can be brought about by including in the composition an agent winch delays 
absorption, for example, aluminum monostearate and gelann. a „ mll „. he 
Sterile injectable solutions can be prepared by incorporaung the acmre agent m the 
reqmredamo^tofanar^priatesolvent.nmoneoracombina.ionofin^ 
enleraed above, as required, followed by filtered sten.ization. Generally, d.sperstons « 
pZeo by incorporating the active compound into a aerile vehicle winch contams a b« 
dispersion medium and the required other ingredient <*m those enumeraed abov. In the 
case of sterile powders for the prer*ratio« of sterile injectable soluttons the ^ 
medtods of reparation are vacuum drying and freeze-orying whtch yelds a P°w<« ° <* 
active ingreL. (e.g., protein) plus any addition* desired ingredient from a prevtously 

i,n sterile-filtered solution thereof. , 
Whentheactivec^poundissmt^yp^ 
may be orally adminisKred, for example, with an inert diluent or an assumlabht edtb le 
c^er. Asused herein ^.unnaceuti* 

dispersion media, coatings, armbacKrial and antifungal agents, isotontc and absorpnon 
ZZZ>««**«* .Theuseofsuchmediaandagen^forptarma^cally^ve 
^Isiswel, known in*, art. Except insofe, as any convention* medtaor agent ,s 
incompatible with me active compound, use thereof in the therapeutic compostttons ,s 
contemplattd. Supplementary active compounds can also be incorporated utto the 
compositions. 
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fo, ~ ' f 7^ adVa " ,,8e0US 10 O"™ 1 - P«"« "» composition i„ dosage unit fora] 
toiT i ad ™ M ° f d0MSt dosage unit foim as used herein K C 

.0 physically discrete units suited as unitary dosages fo, the r^nnudian subjeos to be 
treated; ejjch unit containing a pred«ermined ouantity „f active contpound emulated to 
* p£uce the cM thenpeutic effect in association with the reouirTpnarrnac^ a™ 
The specification for thedosage unit forms of the invemion « dfeated by and directly 
dependent on <a) the uniaue cl^teristics of the active compound and the particular 
therapeutic effect ,„ be achieved, and (b) the imitations inherent in the art of compound™ 
such an active compound fo, the treatment of sensitivity in iiKtividt-ls. """V™*"* 

U. Uses of ih.ln Yrm j nn 

The methods of the invention can be used to inhibit T cell response, in vi,ro by 

TuT- " ~ " amimU,aUOn ^ — * Accordingly 
thetenn ^^^^isi^ a ^^ ^ 

h^^^ 'rdubit an unwanted T cell response, as described in further detail in the 
-bsecons „ follow. Additionally, in one embodiment the methods of the invenln induce 
aotigenic nonresp^siveness in a T cell that persists after cessation of Teamen, ^e 
antigenic noruesponsiveness persist ,„ , tm after contacting T cells in «<ro with a " 
costunulation inhibitory a*n„. Thus, the metiiods of the invention are useful for inducing T 

I ZZ providi ," 8 ' for ^ ° f T - 

The methods of the invention are particularly useful for udubiting graft versus host 
doease which results from ailogeneic bee marrow notation. 1, h* previcTy £ 

both for success*,, engraftmen, and for a graft vercus leukemia r^ponse. Howell 
P^nceo rn^donorTcel.sinme^aftWucesOVHD. Rinses of a, Wtit 
■Ij^L^ "doited by contacting the T cells in vitro with a costimulation 

2 ,TT 'I'*' 2 COS,in " ,, "" , " blMki »8 ««* as a combiiuuion of an anti-B7- 1 
and an a»ti-B7-2 antibody, or CTLA4Ig). Such tieatinen. allows mature T cells to 7ZL 
witiun transplanted donor cells, mus avoiding GVHD and promoting b» rolw 
engraftmen,. Moreover. T cell unresponsiveness to alloantigens is induced, thereby 
Riding long-term inhibition of T cell responses without th. need for continuous ueatinen. 
of the bone marrow recipient m 

cell, HT* *" T " US '° *" ta 3 mam> " "^P 1 ™' *«i on -re donor T 

cells wtach are avauable in pnor to tiansplantetion. aUoreactive donor T ceU resZel 
can be be mhibited * v/«, or inhibited in v,„„ follow hy an in *» treamTreZT 
Accordingly, graft „ ho, ^ „ , ^ ^ 
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another source which share recipient aiioam b * one 
mother embodiment, the agent » at. antt-BM or *» ^ ^ 

ceUs are irradi«ed and/or treaed ^ „ ^ 

In the method, the populauon of donor cells comae 

,,or additional*— of 
5 recipient which have no. been T cell dl! P'«" splenocytes or other suitable source 

.nature donor T cells can be donor ^^^"^J;,^ T cells or 
rf donor T cells. When non-bone ^ „Un the inhibit 

splenocyus) are used as the source of mamre T <*. wh c ^ ^ ^ 

agen.(s). the subsequent bone d0K) , T cells in which 

J0 bone manow ceUs (i.e.. ~^Cot,ture of dono, cells with cells 

alloreactivity has been .nhtbtted). Follovmg. lhc dom „ cells arc administered to 

agent, such as an irnmunosupress.ve .gent (e.g., cyciospo 
3 „ irnmunosupressive agent canbe +£m* ^ shoul<1 ,«,, * 
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CTLA4Ig or control i BIlrMrin „ _r T P am " 8 ""^ md *>y 
responderTcells Asi Ss h»!„ t HI-thym.<toe tomeasure proliferaion of «* 

dkpn. individuals JtZZZEfrr * ' S ^ »— -» <*>»> MHC 
the addition of CTI T™"* KS,,0 " Se °" ^ in contrast, 

cultures produced large of Ir T 7* ^ ,f "» «™<>" I« °*«ed 

the T ce U proliferate.. ^ ctIa<T^ ^ « ^ - * for 
(<20 pgfc,!). c " ,n, " s *■*>" •» 1-wta, any deKctable IL-2 

either B7., , whereas „,^ 2 ^ U °° of " ™'>»c^ »Ubody .ha, block 

comply abroga,ed ,1^—2 P, ° lifOT,i0 " * «— *" «* - -» 

"Suits in grealy increid toZ 7 m of <^-A4-, 8 

alone (p<0.005). 8 (P<0.05) °r anti-B7-2 mAb 



25 (B) 



30 



35 



(B) This experiment demonstrates the utility of CTI Adia ■ u 
derived system. In this sv^ m a w CTLA4Ig in a bone marrow 

m mis system, donor bone marrow rs v i n4 ~,n \ 

of submnogenic .mourns of an immobilized «i-CD3 mZT, , v „ ' "*""" 
bonemar™,, , ,„5 wasm i»ed wimreLsn X ^T b^ 7**"^°- 
disparate individual. The simulator c^uT^T fiWn * My ^ 

ntiton-ycin C „, by taeJ^EE ^ ~" ^ * «— 
theabsenceorpresenc-of.^^ A " experiments were performed in 

Period. ,„ concent of CTLA4Ig for me emire 

were ^iJZ^JlT ^ tmM * — • *• cultures 

^^ wm P^thymidineovernighlberweaidays2and3nf m .l.™ . 
the cumulation was provided by me allogeneic PB ll Z 1 ^ ""^ 

Pto.ifer.donmaxima oTm^r PreV '° US ' y ^ ^ ^ "* " nMr ^ 

he results of tee experiments are shown in the Figures M and 3B. 
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where the line labeled PBLs represents the data obtained with the allogeneic stimulators and 
the line labeled t/B7-l or t/B7-2 represent the two transfected cell lines as costimulators. 
This data represents the mean data from six experiments. 

Figure 3 A shows the inhibition of donor marrow proliferation by amounts of 

5 CTLA4Ig below lug/ml. Treatment with 0.01 ug/ml of CTLA4Ig had no effect on the 
proliferative response of the donor bone marrow. Treatment at doses from 0.1 to 1 .0 ug/ml 
greatly reduced the proliferative response to the two transfected cell lines and reduced the 
proliferative response to the allogeneic PBLs to background levels. Figure 3B shows 
inhibition of T cell proliferative responses at CTLA41g treatment levels from 1 to 10 ug/ml. 

1 0 The proliferative response to the human B7- 1 transfected cells is completely inhibited by 
CTLA4Ig levels of between 2 and 5 ug/ml. The proliferative response to the B7-2 
transfected cells and to the allogeneic PBLs is completely inhibited at CTLA41g levels of 2 u 
g/ml and 1 ug/ml, respectively. Since the proliferation driven by the allogeneic PBL was 
almost completely inhibited by 1 ug/ml of CTLA4Ig and was completely inhibited by 2 u 

1 5 g/ml CTLA4Ig, a dosage of 1 0 ug/ml of CTLA41g was selected for use in all subsequent 
experiments. 



fx ample 2: ft frHn.de of B7 famil y mediated commutation snmfirany inhibits 

2Q p^lifcratinn UP"" r^llenw with donor but IMt third P«lY 

allnantigen 

To determine whether agents which block proliferation in a primary MLR inhibit 
proliferation upon rechallenge in a secondary MLR, the following experiment was performed. 
25 Normal peripheral blood cells mononuclear cells were cultured with irradiated 

(2500cGy) normal donor peripheral blood mononuclear cells of fully HLA mismatched 
subject in the presence of an anti-MHC class 11 antibody, an anti-ICAM-1 antibody, 
cyclosporin A (CsA). CTLA41g, an anti-B7-l antibody, an anti-B7-2 antibody, or a 
combination of an anti-B7-l and an anti-B7-2 antibody at a final concentration of 10* 
30 cells/ml. The antibodies and CTLA4Ig were added at a concentration of 10 ug/ml. 

Cyclosporin A was used at 10"3 M. The cells were incubated for 6 days, followmg which 
viable cells were isolated and rechallenged with irradiated allogeneic cells from the original 
donor or from a third party donor. No blocking agents were added to this secondary MLR. 
Proliferation was examined daily for 7 days by pH]-thymidine incorporation assays. 
35 The peak proliferation for each condition are represented in Figure 4. The results 

indicate that when only media had been added to the primary MLR, a typical secondary 
response ensued characterized by significantly greater and earlier peak proliferation agamst 
donor compared with third party alloantigen (peak at day 3 versus day 6, respectively). 
Addition of CsA to the primary MLR prevented the secondary response and resulted in 
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decreased levels of peak proliferation against both donor and third party on day 5. Addition 
of anti-Class II or anti-ICAM-1 mAbs during the primary MLR resulted in equivalent levels 
of secondary proliferation against both donor and third party that peaked on day 5 and 6. The 
absence of a secondary response following blockade of antigen recognition or adhesion 
demonstrates that alloreactive T cells to alloantigen. In contrast, complete blockade of B7 
family mediated costimulation during the primary MLR with either CTLA4-Ig or the 
combination of ami B7-1 and anti-B7-2 resulted in markedly decreased proliferation to donor 
but had no effect against third party. Therefore, complete blockade of B7 family mediated 
costimulation but with intact alloantigen recognition and adhesion is necessary to induce 
alloantigen specific anergy. 

E XAMPI,F | ^ Mllimal hvnftreanftn.ivn,.. i^-a hy Hflffr ff de of B7.1 „nH 

B7-2 COStimiilntinn i« <,rhi^ f d within M h m m 

This example analyses the time of inhibition of costimulation required to obtain 
maximal hyporesponsiveness for different agents blocking costimulation. 

In this example, the same assay as that used in Example 2 was used. Cells were 
cultured in a primary MLR with the addition of anti-B7-l . anti-B7-2, a combination of ami- 
B7-1 and anti-B7-2, or CTLA4Ig. After various times, viable cells were isolated, re- 
challenged with irradiated cells from the original donor with no blocking agent added and 
proliferation assessed daily for 7 days. Peak proliferation obtained on anv day in the 
secondary MLR was assessed by PH]-thymidine incorporation. 

The results are presented in Figure 5. The results indicate that addition of anti-B7-l 
mAb in the primary MLR resulted in only modest inhibition of proliferation on rechallenge 
whereas the addition of anti-B7-2 mAb was significantly more efficient. The maximal effect 
of anti-B7-2 mAb occurred by 36 hour in primary culture whereas with anti-B7-l mAb this 
was not observed until day 6. Maximal hyporesponsiveness required blockade of both B7-1 
and B7-2 by the addition of either anti-B7-l and anti-B7-2 mAbs or CTLA4-Ig and was 
achieved within 36 hours. Addition of isotype matched control mAb or control-Ig fusion 
protein had no effect. 

Thus, maximal hyporesponsiveness was obtained by incubating the cells for 36 hours 
with anti-B7-l and anti-B7-2 antibodies. 

E XAMPLE 4; Reduction In The Frranwrv Of Aiinr^riv. P^^nr H»i r „ j 
cats with m a 4!c 

This experiment assays whether CTLA4Ig or anti-B7-l and/or anti-B7-2 antibodies 
used to induce anergy in donor T cells t the alloantigens on recipient stimulator cells would 
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tad ,„ the development of a subsequent hypo r^ponsiveness » «« simulator cells without 
affecting the ability of the donor T cells to respond to third party anttger* 

Non-reactivity in a matched sibling MLR. is a poor predictor of s "**| q ™ o 
to contT, in HLA identic*, siblUtg BMT recipients, a high frequency - *~"-» 

H992) N End J mi. 322, 1613; Schvrcrer. A.P. e, d. (1993) 341. 203). 
Th^fore^e frequency of precursor Helper T Lymphocytes (pHTL) in HL A matched 
X « blocLde of B7 family mediated copulation durtng the pnnwy culture 

, Emulator ceUs at, 0* ce„s,w«„ were irmdiated (25 Gy, and mixed with ,«5 
' unirradilr^pondercellsfromMlyHLArnatchedsibling, 

. j m i m Ah CTLA4IE or control immunoglobulin (Clg). the cells were 
1 t,Trf d ^L 2^t were added and the cultu* was continued for a hither 

rp.duc.ionbyhmi.ng dilution ^ysisrTasw.,1 C- '^"^ 6 ' 4> - 
The results are presented in Figure 6. As reported by others, pnor «, any 
• ,.■ .k-nHTI f~ouencyinfullyHLAmatchedr«rsrangedrroml.25xlir-to. 

control Ig had no effect whereas ant.-B7-2 had very m ,„ 5lha , is ■_,«,„,,« level 
25 achieved with complete B7 blockade w« cons.aen.ly <1 * 10* that ,s below me 

either CTL A41g, isotype matched conuol Ig protem. anu-lCAM imm 
cyclosporin. A. The results of these experiments are shown . £. P*» » 
35 >— of,*-— 

IgcyclosponneA,orCTLA41gfore.merjo ^ n ,tfter treatment 

ofbonema.owceU, .^InumbersofceUs^jl J^^,^ 

- ■» • ^ m ^; 4 ,rr W f alloreaoive precursor helper 

marrow/stimulator cell mixture with CTLA41g. the rrequen y 
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BFU-E 

BFU-E/1 00.000 bone marrow cells 



TABLE 1 




CFU-GM 

CFU.GM/100,000 bone marrow cells 




SUBSTITUTE SHEET (RULE 26) 
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sumulator ot third p»ty cells m micrower dishes. The sterna 

W. assay is very — ^ * * ^ is dependent 

cells in response to various stmiulators. The proliferate 

' ^igureVs.K.wsth.prm.reqi-c,^^^ 

nn .-(ml n ffTLA4lB Each po nt in this figure represents toe 
48 hours in the presence of 10 ug /ml of ^Aflg. «*J*^ ^ 

„„, obtained from a different donor marrow MHC — ' » approximately 10* 
oair Untreated cells incubated in media alone snow a pHTL .frequency ot app 
5 InLd againsttheorigina, —reel, PC-ion J^^^ 

manow energized by treatment with CTLA4Ig shows , ^ 

^uency when teaed against the original snmu^or ce Is ^ 
reduction in pHTX frequency is approxtmael MW The *e *^ 

frequency .gams, third p»y iirecttd ^ ^ third party cells is 

tne original — ^'^^Lnnined for the response of a^rgized dono, 
approximately 1<K The pHTL frequency mamw . This 

ma. againsi third party cells is comparable win. that tad .0 ^ 
25 demonsua.es that the anergization of the donor marro- b £*-^LJL 
„ f pti A4Io results in the generation of a hypo responsiveness 
in the presence of CTLA4Ig results in g tQ othcr aUoa „tigens. The 

tolerizing stimulator cells but has no effect on the of 

specificity of this induction of ^^^^^L^^ ^ ^ 

. i • -.urn A4lc was shown by testing the effect ota monuvi 
costimulation vnth CTLA4Ig was sno y lncubation 0 f the donor marrow and 

30 cell adhesion molecule ICAM on the pHTL frequency ta» ^ ^ 

stimulator cells cultures in the presence of 10 ug/ml of anti C AM 
noeffectonthepH.^ 
The pHTL frequency to both cell types is compare 

or cyclysporine A to the donor marrow, snmulaor «*"^^ - cell , 
period had no effect on me pHTL frequency when demonstrating Una, 

the dramatic reduction seen in pHTL frequency in cultures treated with 
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due to the effect of the Ig sequences, nor was it due to a general immu. 

obtained with cyclosporin A. "nmuosuppression as can be 

In another example, the efficiency of anti-B7-l ami R7 «> « f 
anti-B7-l and anti-B7-2 in decreasing the D HTL ftl ' ° r ° f 3 Combination of 

= donor alloantigen on rechallenge^ e^ ^ " T"* ^ —»■'*- 
above. ^results arepresent^^^ 

mAbs alone had only modest effect a^?^*^^ 7 " 1 

^lyeffec.e.dLns^ 

demonstrate consistent reduction of the pHTL freouencv f 7u 

levels below that associated with de^^^^T^*-"^ 

r*^* Ofmte^lZ~^^ 

mh,b,ted proliferation during secondary challenge to both l , . CU,tUre 

no effect on pHTL frequency was otlTZ^cT^T^ 

the primary culture, no decrease in pHTL ^ ^dl * ^ ^ '° • 

observed with CTLA4-Ig alone TW «», COntrast tot *• »«* 

cosumulation «, mduce alioamigen specfflc ma ^ " ""^ ° f 87 fm » l >' """'^ 

■lloamigen specific W °° Pro ' 0C ° l ""»*»*«• dnunatic 

oamgenspecric hypo responavencss lo the stimulMor cells Thiri 

renins a, no™,, leV e ls m u» anti-BT-! and anti-B^r ™ aIT! ^ 

studies show tha, .he ane^on of ^ -»-. These 

B7-2 antibodies or with CTLA4I. wil, . l conibinauoo of anli.B7-l and ami- 

«ducdo„ in pHTL sufficient „ ^ 0 , aJ^^lZ " ™- «« « 
antj-B7-l and anti-BM andlnli^ ™ Furthermore, the combination of 

recipiem ceUs a*i i„ decreasing pHTl7„ ' ™" ""^ * - - 
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med ium which contained growth factors appropriate for human cells. These assays were set 
up in triplicate for each patient's marrow sample. After 10 days of incubatioru the number of 
erythrocytic (BFU-E) and myelomonocytic (CFU-GM) colonies were counted. The LTCIC 
colony forming assays were performed using a limiting dilution analysis. The donor bone 
5 marrow sample was washed and dilutions from 40,000 to 625 cells were added to nucrotiter 
wells previously seeded with 3000 irradiated stromal <*Us. After 5 weeks in culture, the cells 
were gently trypsinized to release cells and then methylcellulose medium containing growth 
factors was added to each well. The appearance and number of BTU-E and CFU-GM 
colonies was measured after an additional 10 days of incubation. These results are shown m 
10 Table I for six of the patient samples. 

The direct colony forming assay shows that there are similar numbers of BFU-E and 
CFU-GM precursors in all six patient samples tested regardless of whether the assays were 
performed on donor marrow before treatment or after culturing donor marrow with irradiated 
stimulators for 48 hours in the presence of medium alone or in medium containing control Ig 
1 5 or CTLA4Ig. Similar results are seen in the three patient samples tested by the LTCIC 

methodology. This method is a more sensitive measurement of damage to stem cells than is 
the direct colony forming assay. All three patient samples tested have similar numbers of 
BFU-E and CFU-GM colony forming units after treatment as did the fresh donor marrow 



20 



samples. , . 

The experimental data presented in Table I shows that the cultunng protocol 
developed for the anergization of donor bone marrow to sensitizing alloanugens by the 

. Unna morrnw Trie dOf] 



developed ior inc aiici^i^owww v* 

treatment with CTLA4Ig had no detrimental effect on the donor bone marrow. The donor 
bone marrow had the same number of cells before and after treatment. The donor bone 
.narrow retained a full complement of lineage specific blood cell precursors as demonstrated 
25 in both direct colony forming assays and in the more sensitive LTCIC assays. However the 
donor bone marrow exhibited a dramatic and specific decrease in the responsweness tothe 
sensitizing alloantigens while it retained a full ability to respond to third party cells. This 
loss of responsiveness of the donor bone marrow to the sensitizing cells after t^atment wrth 
CTLA4Ig was as expected based on previous in vitro and in vivo studies. The loss of donor 
30 manow responsiveness to the sensitizers suggests that transplantationof similarly treated 
marrow into the appropriate recipient will be safe for the transplant recipient and may result 
in a reduction or elimination of acute GVHD in the transplant recipient. 
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EQUIVALENTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims 
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H ATMS 

1 A method for inhibiting a response by a T cell to an antigen, comprising 
contacting the T cell with and agent which inhibits a costimulatory signal in the T cell, 

5 thereby inhibiting the response by the T cell to the antigen. 

2 The method of claim 1, wherein the agent inhibits an interaction between a 
receptor on the T cell and a costimulatory molecule on a cell presenting antigen to the T cell. 

10 3. The method of claim 2, wherein the receptor on the T cell is CD28. 

4. The method of claim 2, wherein the receptor on the T cell is CTLA4. 

5. The method of claim 2, wherein the costimulatory molecule is B7-1 or B7-2. 

15 6. The method of claim 2, wherein the agent is a soluble form of CTLA4. 

7. The method of claim 6, wherein the soluble form of CTLA4 is a human 
CTLA4-immunoglobulin fusion protein. 

20 8. The method of claim 2, wherein the agent is an anti-B7-l antibody, or 

fragment thereof. 

9. The method of claim 2, wherein the agent is an anti-B7-2 antibody, or 
25 fragment thereof. 

10. The method of claim 2, wherein the agent is an anti-B7-l antibody and an 
anti-B7-2 antibody, or fragments thereof. 

30 1 1 . The method of claim 1. wherein the agent acts intracellularly to inhibit 

generation of a costimulatory signal in the T cell. 

! , A method for inhibiting graft versus host disease in a bone marrow transplant 
recipienjcomprising contacting a first population of cells comprising donor T cells ,n 

with* . a 

a) a second population of cells which express recipient alloantigens; and 
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b) an agent which inhibits a costimulatory signal in the donor T cells 
the agent thereby inhibiting a response by the donor T ceUs to the cells which ZL 
recent alloantigens such that, upon administration of the first Ration of X 0 the 

13. The memod of claim 12, wherein the first population of cells is selectedfrom 
a group consisting of bone marrow cells, peripheral blood cells and splenocyT 

14. The method of claim 12, wherein the agent is a soluble form of CTLA4. 

CTT a! 5 ' ™! T Cth0d ° f ^ I4 ' WhCrCm fc fo ™ of CTLA4 is a human 

CTLA4-immunoglobulin fusion protein. »»numan 

tapJU?" me,hod ofclaim 12, *■* *• * - "*- 87 - 2 - 

anti-B7 2 .J£ ""1°" " """" * *"* fc *•« is " ""a- 87 -' - W» 1 an 
ami a /-2 antibody, or fragments thereof. 

or «„s !L XT" of ctaira ,l » — * ft, 



recipient. 



20- The method ofclaim 19, further comprising administering the agent to the 
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FIG. I 
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FIG. 2 




[3h] Thymidine Incorporation 

(cpm x 10' 3 ) 



SUBSTITUTE SHEET (RULE 26) 



WO 96/14865 



3/10 

F I G 3A 



PCT7US95/14774 




CTLA4-lg iv-&mb 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS95/14774 

WO 96/14865 

4/10 

FIG. 3B 
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FIG. 4 
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FIG. 5 
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FIG. 8 
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